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Abstract: Soundscape exists through human perception of the acoustic environment. This 
paper investigates how soundscape currently is assessed and measured. It reviews and 
analyzes the main soundscape descriptors in the soundscape literature, and provides a 
conceptual framework for developing predictive models in soundscape studies. A predictive 
soundscape model provides a means of predicting the value of a soundscape descriptor, 
and the blueprint for how to design soundscape. It is the key for implementing the 
soundscape approach in urban planning and design. The challenge is to select the 
appropriate soundscape descriptor and to identify its predictors. The majority of available 
soundscape descriptors are converging towards a 2-dimensional soundscape model of 
perceived affective quality (e.g., Pleasantness±Eventfulness, or Calmness±Vibrancy). A third 
potential dimension is the appropriateness of a soundscape to a place. This dimension 
provides complementary information beyond the perceived affective quality. However, it 
depends largely on context, and because a soundscape may be appropriate to a place 
although it is poor, this descriptor must probably not be used on its own. With regards to 
predictors, or soundscape indicators, perceived properties of the acoustic environment (e.g., 
perceived sound sources) are winning over established acoustic and psychoacoustic 
metrics. To move this area forward it is necessary that the international soundscape 
community comes together and agrees on relevant soundscape descriptors. This includes to 
agree on numerical scales and assessment procedures, as well as to standardize them. 
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1. Introduction 
Currently, with regards to the acoustic environment, society chiefly focuses on the 
HSLGHPLRORJLFDO DVSHFWV RI µQRLVH¶ 7KLV LV UHIOHFWHG LQ WKH DWWHPSWV WR UHGXFH KLJK VRXQG
levels from transportation and industry below defined guideline values (World Health 
Organization, 1999; European Parliament and Council, 2002; World Health Organization, 
2011). The increasing interest in environmental noise and its mitigation is largely a result of 
urbanisation (World Health Organization, 2011). Early attempts of noise regulation can be 
observed in Roman laws, like the Lex Iulia Municipalis from 45 BC, which prevented oxcarts 
from transiting on the streets of Rome during daytime, in order to avoid undue noise (Hardy, 
2012). This example illustrates that noise and noise abatement chiefly are urban 
phenomena, and that urbanisation is a driving force. However, reducing the sound levels 
from certain sound sources may not necessarily result in an acoustic environment of high 
quality, because the character of the sound is equally important (e.g. Rådsten-Ekman, 
Axelsson, & Nilsson, 2013; Axelsson, et al., 2014). Environmental sounds, like the sound of 
road traffic, nature or people, are meaningful and provide information. Some sounds have a 
positive impact, whereas others have a negative meaning or character, regardless of their 
sound levels. To decide which acoustic environments are good, we must consider the 
activities they may enable (e.g. Brown & Muhar, 2004). These notions are at the core of the 
theoretical underpinnings of the soundscape approach. 
7KHWHUPµVRXQGVFDSH¶JDLQHGSURPLQHQFHLQWKHVLQWKHVWXG\RIFRQWHPSRUDU\PXVLF
through the work of the Canadian composer R. M. Schafer at Simon Fraser University in 
Vancouver (e.g. Schafer, 1977). Schafer and his colleaguHVGHILQHG µVRXQGVFDSH¶DV ³>a]n 
environment of sound (or sonic environment) with emphasis on the way it is perceived and 
understood by the individual, or by a society´ 7UXD[  (YHU VLQFH WKLV FRQFHSW
emerged, researchers have wondered how the acoustic environments would affect the 
perceived quality of cities and how sounds could be used in urban planning and design. 
6RXWKZRUWKUDLVHGWKHTXHVWLRQRI µVRQLFLGHQWLW\¶ IRUFLWLHVZKLFKLQKLVYLHZVKRXOG
be considered and designed in correlatioQZLWKWKHµYLVLEOH¶FLW\ 
Recently, the International Organization for Standardization (ISO) published Part 1 of a new 
,QWHUQDWLRQDO6WDQGDUG,62RQVRXQGVFDSHZKLFKGHILQHVWKHWHUPDV³>WKH@acoustic 
environment as perceived or experienced and/or understood by a person or people, in 
context´ ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ  7KXV µVRXQGVFDSH¶ LV
GLIIHUHQWIURPµDFRXVWLFHQYLURQPHQW¶7KHIRUPHUUHIHUVWRDSHUFHSWXDOFRQVWUXFWWKHODWWHU
to a physical phenomenon. Most importantly, soundscape exists through human perception 
of the acoustic environment (e.g. Brown, Kang, & Gjestland, 2011; Brown L. A., 2012; 
International Organization for Standardization, 2014). 
7KLVSDSHUDGGUHVVHVWKHWRSLFRIµVRXQGVFDSHGHVFULSWRUV¶DQGµVRXQGVFDSHLQGLFDWRUV¶DQG
their relationship. Soundscape descriptors are measures of how people perceive the 
acoustic environment. Soundscape indicators are measures used to predict the value of a 
soundscape descriptor. This topic is increasingly investigated because of an urgent need for 
operational tools, like predictive models, aimed at implementing the soundscape approach in 
urban planning and design (Kang, 2007; Payne, Davies, & Adams, 2009; Andringa, et al., 
2013; European Environment Agency, 2014; van Kempen, et al., 2014). The paper offers a 
collection and analyses of the main descriptors retrieved from literature. Furthermore, it 
provides a conceptual framework for the development of predictive models in soundscape 
studies, based on a review of soundscape literature. 
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2. Soundscape descriptors 
This review of available soundscape descriptors is based on the view that the development 
of descriptors must precede the development of indicators. An example from the literature on 
psychoacoustics is the relationship between sound level (L) measured in dB, and perceived 
loudness (<) of pure tones, obtained by magnitude estimation. This relationship is roughly 
described by the equation: 
 
< = 2L/10 . (1) 
 
Eq. 1 illustrates that the perceived loudness of pure tones doubles with every 10 dB 
increment (Fastl & Zwicker, 1990). Thus, the sound level is an indicator of the perceived 
loudness, and with the aid of Eq. 1 the sound level can be used to predict its magnitude. At 
large, psychoacoustics relies on such stimulus-response relationships (Rasch & Plomp, 
1999). Surely, from the example of Eq. 1 it is clear that it is necessary to develop descriptors 
before any indicator can be considered. However, while this approach has been reasonably 
successful in studies of relatively simple sound signals, establishing similar relationships for 
soundscape will require larger efforts because of the information content that soundscape is 
associated with.  
This section reviews the main descriptors of environmental sound that have been proposed. 
Some of them were originally developed for environmental noise. Implementation of these 
descriptors in the soundscape approach is not necessarily straightforward. On the other 
hand, these descriptors relate to the perception of acoustic features, so they are likely 
relevant to soundscape assessment, in part. 
 
2.1 Noise Annoyance 
Noise annoyance is a key concept with regards to environmental impact of sound on the 
community. Noise annoyance is acknowledged as a multifaceted concept that chiefly covers 
LPPHGLDWH EHKDYLRXUDO HIIHFWV DQG HYDOXDWLYH DVSHFWV UHODWHG WR µQRLVH¶ *XVNL )HOVFKHU-
Suhr, & Schuemer, 1999). How to assess noise annoyance has been investigated 
thoroughly (e.g. (Schultz, 1978; Levine, 1981; Fields, et al., 1997; Guski, Felscher-Suhr, & 
Schuemer, 1999; International Organization for Standardization, 2003). Considering noise 
annoyance as a descriptor, researchers have tried identifying its physical correlates (i.e., 
LQGLFDWRUV =ZLFNHU  FDOFXODWHG WKH µXQELDVHG DQQR\DQFH¶ EDVHG RQ Loudness, 
Sharpness and Fluctuation Strength3UHLVZRUNHGZLWKµORXGQHVVLQWUXVLYHQHVV¶LH
time-averaged value of the difference between Loudness RIWKHµQRLVH¶DQGWKHEDFNJURXQG
sound), including Sharpness and distortion of informational content, in order to determine 
noise annoyance. In general, these researches have shown that aggregated group results 
for the percentage of highly annoyed can be correlated to noise indicators, while individual 
assessments of noise annoyance do not bear such a clear relationship (Schultz, 1978). 
)LHELJ HW DO  SURSRVHG DQ µ(YDOXDWLRQ LQGH[¶ FRPELQLQJ Loudness, Sharpness, 
Roughness, Impulsiveness and relative approach, as indicators of noise annoyance, in order 
to predict the behaviour of a group of individuals. The laboratory experiment consisted of 
different simulated acoustic scenarios (open bus stop with passing-by vehicles) where 
SDUWLFLSDQWVZHUHUHTXLUHGWRDVVHVVWKHQRLVHDQQR\DQFHRQDQXPHULFDOVFDOHIURPµQRW
DQQR\LQJ¶WRµYHU\DQQR\LQJ¶7KHµ(YDOXDWLRQLQGH[¶ZDVGHILQHGE\PHDQVRIDPXOWLSOH
linear regression analysis. The resulting regression model seems very promising for 
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mapping application. However, at present, it has only been tested in a laboratory condition 
and only for the sound of traffic. 
A limitation of noise annoyance as a descriptor is that it implies exposure to unwanted 
sound, and that human responses to sound in principle ought to be adverse. This puts an 
emphasis on the underlying notion in current noise policy that sound is a waste product of 
society. 
 
2.2 Pleasantness 
A number of researchers have focused their attention on descriptors related to the hedonic 
value of sound, that is, whether they are perceived as pleasant or unpleasant. This approach 
is substantially different from noise annoyance, because it extends the scope beyond 
unwanted sound sources. Terhardt and Stoll (1981) developed a descriptor for determining 
WKH µSOHDVDQWQHVV RI QRLVH¶ 7KH\ FRQGXFWHG D OLVWHQLQJ H[SHULPHQW EDVHG RQ SDLUHG
comparison of sounds (e.g., a YDFXXP FOHDQHU D FLUFXODU VDZ D PDQ¶V Yoice, a piece of 
music, a pure tone). The music was judged as the most pleasant sound, and the sound of 
the circular saw as the least pleasant. In order to identify an indicator for this descriptor, the 
authors considered Loudness, Sharpness, Roughness and Tonality. Good correlations were 
found between Pleasantness and a combination of Roughness, Sharpness and Tonality. 
However, no predictive model was established, and the study was limited to single 
environmental sounds out of context, whereas soundscape studies focus on acoustic 
environments holistically. 
/DYDQGLHUDQG'HIUpYLOOH GHILQHGDGHVFULSWRU WKH µXQSOHDVDQWQHVVRIVRXQG¶XVLQJ
sound levels and the relative duration of categories of sound sources (e.g., car, moped, bus, 
motorcycle, voice and bird) as indicators. They gathered individual responses on the 
descriptor through listening experiments. Afterwards, the descriptor was analytically defined 
with multiple linear regressions, through automated sound source identification and 
statistical data of the sonic events. 
 
2.3 Quietness or tranquillity  
The European Environmental Noise Directive (END) (European Parliament and Council, 
SURYLGHVWKDWWKH0HPEHU6WDWVRI WKH(XURSHDQ8QLRQPXVWSURWHFWVRFDOOHG µTXLHW
DUHDV¶ 7KLV LQWURGXFHG DQ important qualitative perspective on the management of the 
acoustic environment (Vogiatzis & Remy, 2013). Regrettably, the END did not provide a 
GHILQLWLRQ RI µTXLHW DUHDV¶ FDXVLQJ D QHHG IRU D UHFHQW JRRG SUDFWLFH JXLGH (XURSHDQ
Environment Agency, 2014). It has also caused research on how to understand and to 
define the concept, including related descriptors (e.g. Delaitre, et al., 2012; Payne, 2013). 
Memoli and his colleagues (Licitra, et al., 2005; Memoli, Bloomfield, & Dixon, 2008) 
proposed an acousWLF PHWULF FDOOHG µ6ORSH¶ UHODWHG WR WKH WLPH KLVWRU\ RI WKH VRXQG OHYHO
taking into account how often events appear and how they emerge from the background. 
8VLQJLQGLYLGXDOGDWDFROOHFWHGWKURXJKTXHVWLRQQDLUHVWKH\DVVRFLDWHGµSHUFHLYHGTXLHWQHVV¶
to numerical values of the Slope metric, in a dose-response curve fashion. Thus the Slope 
PHWULFFRXOGEHFRQVLGHUHGDVDQLQGLFDWRURIWKHµSHUFHLYHGTXLHWQHVV¶GHVFULSWRU 
Pheasant, Horoshenkov, Watts and colleagues (e.g. Pheasant, et al., 2008; Pheasant, 
Horoshenkov, & Watts, 2009; Pheasant, Watts, & Horoshenkov, 2009) investigated how to 
PHDVXUH D µWUDQTXLO VSDFH¶ GHILQHG DV D ³VSDFH WKDW FDQ IDFLOLWDWH D VWDWH RI WUDQTXLOOLW\´
(Pheasant, et al., 2008). Through a series of audio-visual experiments, collecting individual 
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UHVSRQVHVRQSHUFHLYHG WUDQTXLOOLW\ WKH\GHYHORSHGDGHVFULSWRUFDOOHG µ7UDQTXLOOLW\5DWLQJ¶
(TR), based on a multiple linear regression model, mainly using sound levels and the 
percentage of natural features in a scene as indicators. The TR is the only soundscape 
descriptor currently implemented at a national (UK) policy level (European Environment 
Agency, 2014). 
 
2.4 Music-likeness 
Based on the original philosophy behind soundscape studies (Schafer, 1977), Botteldooren 
et al. (2006) proposed to assess soundscape through its likeness to music, considering that 
the temporal structure of an urban soundscape could be described also by other means than 
acoustic dynamics in terms of differences in statistical sound levels. The authors constructed 
a fuzzy Music-OLNHQHVV 0/ LQGLFDWRU EDVHG RQ WKH DFRXVWLF HQYLURQPHQWV¶ VSHFWUXP RI
loudness (and pitch) fluctuations, assuming that, for the temporal structure of such acoustic 
environments to be music-like, the spectrum should show a straight line on a log±log scale 
and that this straight line must have a 1/f slope. They conducted an experiment involving 100 
participants and 10 urban environments. Participants were asked to listen to recordings of 
the acoustic environment and assess them by putting a mark on a triangular scale with three 
descriptors: music-like, boring/dull and chaotic. The ML indicator did not correlate well with 
the perceived music-likeness, but it had a good correlation to the soundscape being neither 
chaotic nor boring. 
 
2.5 Perceived affective quality 
Axelsson et al. (2010) proposed a two-dimensional model of perceived affective quality of 
soundscape. It is defined by four bipolar factors: the two orthogonal factors Pleasantness 
and Eventfulness, which are located at a 45° degrees rotation from the second set of 
orthogonal factors Calmness and Excitement. According to this model, an exciting 
soundscape is both pleasant and eventful, whereas a calm soundscape is both pleasant and 
uneventful. In the same way, a chaotic soundscape is unpleasant and eventful, whereas a 
monotonous soundscape is unpleasant and uneventful. The two main factors, Pleasantness 
and Eventfulness, are measured through a measurement model consisting of 8 
XQLGLUHFWLRQDO DWWULEXWH VFDOHV RI µDWWULEXWH±soundscape maWFK¶ &DOP 3OHDVDQW ([FLWLQJ
(YHQWIXO &KDRWLF $QQR\LQJ 0RQRWRQRXV DQG 8QHYHQWIXO UDQJLQJ IURP µ1R PDWFK DW DOO
¶WRµ3HUIHFWPDWFK¶7KHVFDOHVFRUHVDUHHLWKHUZHLJKWHGDQGVXPPDULVHGLQWR
indices, or subjected to a Principal Component Analysis in order to compute component 
scores (Axelsson, Nilsson, & Berglund, 2009). Axelsson and his colleagues are presently 
trying to identify the relationships between perceived affective quality of soundscape and 
information in the corresponding acoustic signal, through machine learning (Axelsson, 
Lundén, & Nilsson, 2013). 
Cain et al. (2013) proposed a similar model using Vibrancy in the place of Excitement and 
with Calmness and Vibrancy as the two underlying, main factors. They also showed that 
these two main factors are more or less unrelated to sound levels. Similarly, Axelsson et al. 
(Axelsson, Nilsson, & Berglund, 2010) suggested that perceived sound sources are more 
important as indicators of perceived affective quality than sound levels. It seems that sounds 
of nature contribute positively, and sounds of technology, like the sound of road traffic, 
contribute negatively to Pleasantness. Eventfulness is positively related to sounds of people 
(cf. Axelsson, et al., 2014, Axelsson, 2015). 
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Davies et al. (2013) proposed a two-dimensional tool defined by the two axes: Cacophony±
Hubbub and Constant±Temporal. The Cacophony±Hubbub axis relates to the numbers of 
different sounds making up the soundscape, and the levels of dissonance or discord 
perceived by the individual. The Constant±Temporal axis relates to the amount and 
frequency of change within the soundscape. 
 
2.6 Restorativeness 
Inspired by the Attention Restoration Theory (Kaplan & Kaplan, 1989) (Kaplan, 1995), Payne 
 GHYHORSHG WKH µ3HUFHLYHG 5HVWRUDWLYHQHVV 6RXQGVFDSH 6FDOH¶ 3566 D RQH-
GLPHQVLRQDO VFDOH UDQJLQJ IURP  µKLJK UHVWRUDWLYHQHVV¶ WR  µORZ UHVWRUDWLYHQHVV¶:LWK
this scale is it possible to differentiate between the restorativeness of soundscapes both 
between and within different environments. 
 
2.7 Soundscape quality 
$QXPEHURI VWXGLHVKDYHDLPHG WRDFKLHYHDJHQHUDO GHVFULSWRU IRU µVRXQGVFDSHTXDOLW\¶
rather than focusing on singular soundscape dimensions or components. These descriptors 
address the overall perception of the acoustic environment, measuring whether a 
VRXQGVFDSHLVµJRRG¶RUµEDG¶ 
5LFFLDUGLHWDOSURSRVHGDµVRXQGTXDOLW\¶GHVFULSWRUEDVHGRQGDWDFROOHFWHGLQ3DULV
cross-validated in Milan. The authors established different multiple linear regression models 
using either acoustic measurements or perceptual data as predictors. The model based on 
acoustic measurements included the average sound level (L50) and temporal variability (L10±
L90 ,W H[SODLQHGRI WKH YDULDQFH LQ µVRXQGTXDOLW\¶7KHPRGHOVEased on perceptual 
YDULDEOHVOLNHµYLVXDODPHQLW\¶µRYHUDOOORXGQHVV¶µWUDIILF¶µYRLFH¶DQGµELUGV¶H[SODLQHGXSWR
 RI WKH YDULDQFH LQ µVRXQG TXDOLW\¶ $JDLQ WKHVH UHVXOWV UDLVH WKH TXHVWLRQ RI WR ZKDW
extent established acoustic measurements are useful in soundscape research. 
Garcia Perez et al. (2012) proposed a descriptor for the evaluation of the soundscape quality 
FDOOHG µ(QYLURQPHQWDO6RXQG([SHULHQFH ,QGLFDWRU¶ ,W WDNHV LQWRDFFRXQW WKH VRXQG OHYHOV
the number and energy of acoustical events, the dominant sound sources, their consistency 
in the environment, and how individuals perceive the acoustic environment. The proposed 
descriptor is a one-GLPHQVLRQDOQXPHULFDOVFDOHUDQJLQJIURPµQRQ-VXLWDEOHVRXQGVFDSH¶
WRµH[FHOOHQWVRXQGVFDSH¶7KHGHVFULSWRULVGHYHORSHGZLWKLQDQLQGXVWULDOSURMHFWDQG
the authors have decided not to publish any information about the methodology, nor the 
necessary equation. Consequently, it is impossible for independent researchers to validate 
this descriptor. 
 
2.8 Appropriateness 
For the purpose of urban planning and design, Brown has proposed that it is central to 
assess whether or not a soundscape is appropriate for a place (e.g. Brown, Kang, & 
Gjestland, 2011; Brown, 2012). Davies, Bruce and Murphy (2014) reported that when 
participants were asked to design a soundscape in a laboratory environment, the designed 
VRXQGVFDSHVVHHPHG WREHEDVHGPRUHRQ WKHSDUWLFLSDQWV¶ H[SHFWDWLRQVRI W\SLFDO XUEDQ
soundscapes than on their own preferences for individual sounds. Thus, it seems 
reasonable to investigate what sounds are heard in a place and how appropriate they are. 
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Axelsson (2015) conducted an audio-visual experiment involving 50 participants, using 
photographs and audio recordings of 25 urban and peri-urban locations across UK. Among 
RWKHU LWHPV SDUWLFLSDQWV ZHUH UHTXLUHG WR DVVHVV WKH HQYLURQPHQWV RQ ERWK µVRXQGVFDSH
TXDOLW\¶ DQG µDSSURSULDWHQHVV¶ $ PXOWLSOH OLQHDU UHJUHVVLRQ PRGHO ZDV HVWDEOLVKHG IRU
µDSSURSULDWHQHVV¶XVLQJSHUFHSWXDOLQGLFDWRUVLe. urban environment, sounds of traffic and 
sound of individuals) as predictors. The model explained 57% of the variance in 
µDSSURSULDWHQHVV¶+RZHYHU WKHDXWKRUSRLQWVRXW WKDWDVRXQGVFDSHPLJKWEHDSSURSULDWH
HYHQ LI LW LVSRRUEHFDXVH µDSSURSULDWH¶Giffers from desired. Thus, special attention should 
be given to this descriptor that is likely to provide complementary information, but is not to be 
used on its own. 
 
3. A conceptual framework for the development of predictive models in soundscape 
studies 
Several descriptors have been proposed, investigating wider or narrower aspects of 
soundscape. Because it is a multi-layered construct, the different components of 
soundscape do not necessarily emerge at the same level. It is possible to develop 
descriptors related to perceived sound sources (e.g., technology, humans, and nature). 
Descriptors may also concern the sensation of sound, such as loudness, or perceived 
affective quality, such as pleasantness. At an overall level one might be concerned with 
whether or not the soundscape is perceived as appropriate for a place, or with the meaning 
of sound in a given context. For this reason, it is unlikely that a single common soundscape 
descriptor will be established. Consequently, it is worthwhile defining a framework for 
supporting the systematic development of tools for characterising soundscape, or some of its 
components. Tools that eventually will be used for urban planning and design. 
Figure 1 presents a conceptual framework for the development of predictive models in 
soundscape studies. The first step in this framework concerns collecting soundscape data. 
The second step concerns characterising the acoustic environment. Finally, the third step 
concerns creating a model of the relationship between the perceived and the physical 
properties of the acoustic environment. 
 
 
Figure 1 - Conceptual framework for the development of predictive models in soundscape studies. 
 
3.1 Collecting soundscape data 
Perception of an acoustic environment may be investigated in situ (e.g. Semidor, 2006; 
Jeon, Hong, & Lee, 2013; Axelsson, et al., 2014), simulated or reproduced (e.g. Axelsson, 
Nilsson, & Berglund, 2010; Cain, Jennings, & Poxon, 2013), or recalled in memory (e.g. 
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Davies, et al., 2013). When planning or designing a study, the researcher must be aware of 
the advantages and limitations of these different approaches. 
By definition, the environment experienced in situ provides for the most realistic 
representation of the external world, and is associated with high ecological validity. 
Nevertheless, studies conducted in situ suffer from low experimental control. Consequently, 
results from such studies will typically only represent the case in question, and will not 
contribute to general knowledge, or to theory development, directly. 
Simulated or reproduced environments (typically in an indoor laboratory) allow for control of 
the stimuli presented to individuals. This makes it possible to investigate the relationship 
between cause and effect, which may contribute to theory development. Because of limited 
ecological validity, results obtained in a laboratory ought to be validated in situ. 
Guastavino et al. (2005) raised the issue of ecological validity when reproducing acoustic 
environments, questioning whether the perception of a reproduced acoustic environment is 
the same or different from what might be expected in situ. Davies et al. (2014) recently 
published promising results, concluding that acoustic environments recorded and 
reproduced by Ambisonics may be ecologically valid for soundscape appraisal. 
Recalling an environment in memory is the most indirect way of experiencing an acoustic 
HQYLURQPHQW7KHSHUFHSWLRQLVDIIHFWHGE\WKHLQGLYLGXDO¶VDELOLW\WRUHPHPEHUDQGWRUHFDOO
the situation, and is fiOWHUHGWKURXJKWKHLQGLYLGXDO¶VSHUVRQDOFRQVWUXFWV*H	+RNDR
Davies, et al., 2013). Still, this approach is relevant when working with residents or other 
persons who are familiar with the investigated acoustic environment, learning about how the 
environment has changed over time or what is typical for the environment in question. 
In order to learn what methods and tools are used in soundscape studies for collecting 
soundscape data, a literature review was conducted in two steps. First, articles in four recent 
special issues on soundscape studies and citations in these articles were considered 
(Schulte-Fortkamp & Dubois, 2006; Pijanowski & Farina, 2011; Schulte-Fortkamp & Kang, 
2013; Davies, 2013). Second, among all potential articles, 22 were selected for this review. 
They concerned empirical research, and the data collection method was clearly defined. 
From the review, four main methods emerged: (1) Soundwalks, (2) Laboratory experiments, 
(3) Narrative interviews, and (4) Behavioural observations. These four methods were chiefly 
associated with five data collection tools: (1) Questionnaires, (2) Semantic scales, (3) 
Interview protocols, (4) Physiological measurements, and (5) Observation protocols. Table 1 
presents the 22 articles, whether the acoustic environment was experienced in situ, 
simulated or reproduced, or recalled in memory, and which of the four methods and five data 
collection tools were used. Because three of the articles included two different methods, 
there are 25 rows in the table. 
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Table 1 - Review of methods and tools used in soundscape researech 
 
Acoustic environment's experience  Methods  Tools 
 
In 
situ 
Simulated or 
Reproduced 
Recalled in 
memory 
Soundwalks Laboratory 
experiments 
Narrative 
Interviews 
Behavioural 
observations 
Questionnaires Semantic 
scales 
Interview 
protocols 
Physiological 
measurements/ 
Observation 
protocols 
Raimbault et al. (2003) x 
  
x 
 
 
 
x x   
Schulte-Fortkamp and Fiebig (2006) 
  
x 
  
x 
  
 x  
Brambilla and Maffei (2006) x 
  
x 
 
 
 
x    
De Coensel and Botteldooren (2006) x 
  
x 
 
 
  
x   
Nilsson and Berglund (2006) x 
  
x 
 
 
 
x    
Lavandier and Defréville (2006) 
 
x 
  
x  
  
x   
Raimbault (2006) x 
  
x 
 
 
 
x x   
Berglund and Nilsson (2006) x 
  
x 
 
 
  
x   
Semidor (2006) x 
  
x 
 
 
 
x    
Axelsson et al. (2010) 
 
x 
  
x  
  
x   
Irwin et al. (2011) 
 
x 
   
 x 
 
  x 
Brambilla et al. (2013a) 
 
x 
  
x  
 
x x   
Brambilla et al. (2013b) x 
  
x 
 
 
 
x    
Jambrosic et al. (2013) x 
  
x 
 
 
 
x    
Jeon et al. (2013) x 
  
x 
 
 
 
x    
Torija et al. (2013) x 
  
x 
 
 
  
x   
* Davies et al. (2013) x 
  
x 
 
 
 
x    
* Davies et al. (2013) 
  
x 
  
x 
  
 x  
Cain et al. (2013) 
 
x 
  
x  
  
x   
Hall et al. (2013) 
 
x 
  
x  
  
x   
Hume and Ahtamad (2013) 
 
x 
   
 x 
 
  x 
* Payne (2013) 
 
x 
  
x  
 
x    
* Payne (2013) x 
  
x 
 
 
 
x    
* Marry and Defrance (2013) x 
  
x 
 
 
 
x    
* Marry and Defrance (2013) 
  
x 
  
x 
  
 x  
* indicates the use of different methods within the same study 
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Inspection of Table 1 revealed some overall relationships between by which mode the 
participants experienced the acoustic environment and which data collection method and 
tool was used. Figure 2 summarises these overall relationships schematically in a diagram. 
Of course, in reality the relationships are not as clear-cut as one might expect from Figure 2. 
When an acoustic environment was experienced in situ, the researcher typically used a 
soundwalk, and collected the data by a questionnaire, which may have included semantic 
scales, or the researcher conducted an interview. Alternatively the researcher observed 
people in the area to draw conclusions from their behaviour. When the acoustic environment 
was simulated or reproduced, the preferred method was to conduct a laboratory experiment 
in which semantic scales were used to collect the data. Some experimenters collected 
physiological data. When the acoustic environment was recalled in memory, the researcher 
typically conducted an interview, using an interview protocol, or asked the participants to 
write a diary. The four methods are briefly described in some more detail below. 
 
 
Figure 2 - Schematic illustration of the relationships between data collection methods and tools used in soundscape 
studies. 
 
3.1.1 Soundwalks 
Soundwalks are conducted in situ. In a soundwalk the participants are asked to walk in 
silence and listen to the acoustic environment. Afterwards, or at given locations along the 
walk, they are asked to fill in a questionnaire or to participate in an interview about their 
impressions of the area. For the data to be reliable, it is essential that all participants conduct 
their soundscape assessments in the same location(s). 
Frequently, audio recordings are conducted during the soundwalk, and acoustic 
measurements are taken. If possible, the audio recordings are conducted with a binaural 
system, such as a binaural manikin or a pair of in-ear microphones, using a digital audio 
recorder. The acoustic measurements are used for characterising the acoustic environment, 
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and audio recordings can later be used in laboratory experiments in order to validate the 
soundscape data from the soundwalk. 
While most researchers use soundwalks to collect soundscape data for a current acoustic 
environment, some researchers have attempted to broaden the domain to include 
soundscapes of the past, recalled in memory (e.g. Järviluoma, 2009). Jeon et al. (2013) 
reviewed the literature on soundwalks for soundscape assessment. They found that in early 
studies researchers used no specific criteria for the selection of participants. In recent years 
it is all more common to recruit soundscape experts or urban planners in order to apply the 
results to real-life scenarios (Hong, Lee, & Jeon, 2010; Jeon, Hong, & Lee, 2013). Semidor 
(2006) underlined the importance of soundwalks for urban planners and architects to 
understand urban acoustic environments when they make decisions about the design of 
cities. Else, it is important to involve residents or the users of the space when assessing a 
soundscape (cf. Axelsson, et al., 2014). 
 
3.1.2 Laboratory experiments 
When simulating or reproducing acoustic environments in an indoor laboratory, researchers 
typically use binaural recordings reproduced by headphones (e.g. Axelsson, Nilsson, & 
Berglund, 2010). This method is often criticised because it is difficult to reproduce an 
environment, or even an acoustic environment, holistically. For this reason researcher are 
increasingly turning to alternative technologies such as auralization (e.g. Vorländer, 2008), 
Ambisonics (e.g. Davies, Bruce, & Murphy, 2014) or immersive virtual reality (e.g. Maffei, 
Masullo, Aletta, & Di Gabriele, 2013; Maffei, et al., 2013). The latter technology allows 
integration of different sensory modalities in experiments (e.g., hearing and vision). 
The tool generally used for data collection in laboratory experiments is semantic scales (e.g. 
(Dubois, Guastavino, & Raimbault, 2006; Berglund & Nilsson, 2006; Axelsson, Nilsson, & 
Berglund, 2010; Torija, et al, 2011; Ozcevik & Yuksel Can, 2012). By this tool the researcher 
investigates to what extent concepts are applicable in describing the perception of an 
acoustic environment. Inspired by Osgood and his colleagues (e.g. Osgood, Suci, & 
Tannenbaum, 1957), the scales often consists of pairs of, presumably, opposite adjectives 
(i.e., semantic differential scales). Because semantic opposites are not always empirical 
opposites, some researchers use unidirectional scales in order to derive the opposite poles 
empirically (e.g. Axelsson, Nilsson, & Berglund, 2010). 
The advantage of using semantic scales compared to open ended questions, often used in 
interviews, is that scales result in numerical scores that can be subjected to statistical 
analysis. This makes scaling data less prone to personal interpretations, which is essential 
when measuring. However, also numerical results must be interpreted to some extent. A 
limitation is that the results depend on the scales included in the study, and it is crucial that 
the researcher selects appropriate scales. 
An alternative or complement to semantic scales is to use physiological data. Such data may 
be understood as related to the overall experience of an acoustic environment, and is not the 
result of self-reporting. In this case the researcher aims to manipulate the experimental 
situation in order to induce measurable physiological responses. 
Irwin et al. (2011) used functional magnetic resonance imaging (fMRI) and vector 
cardiogram to validate the perceived affective quality of soundscapes. They found that 
soundscapes with similar sound levels can have very different effects on physiological 
responses to the environment. Alvarsson et al. (2010) investigated the effects of stress 
recovery in persons listening to sounds of nature or noise, measuring skin conductance level 
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and high frequency heart rate variability. Recovery in skin conductance level tended to be 
faster when the participants listened to natural sounds as compared to noise, suggesting 
that natural sounds facilitate stress recovery. 
A limitation with fMRI in soundscape studies is that the data is not meaningful unless it 
correlates with perception data. Consequently, fMRI data cannot be used alone. This 
technology is probably more informative to neurobiologists, learning about the functions of 
the brain, than to soundscape researchers. 
 
3.1.3 Narrative interviews 
Narrative or qualitative interviews are often used initially when the researcher has limited 
knowledge in the research field. Interviews are then useful for exploring and identifying 
relevant aspects of soundscape. For example, Axelsson used qualitative interviews early on 
to identify attributes that could be used for attribute scales in later studies (Axelsson, 
Nilsson, & Berglund, 2010; see also Davies, et al., 2013). Some researchers prefer narrative 
interviews and qualitative data over scales and numerical data, because they may provide 
in-depth information about the hXPDQH[SHULHQFHDQGWKHSDUWLFLSDQWV¶XQGHUVWDQGLQJRIWKH
acoustic environment (e.g. Schulte-Fortkamp & Fiebig, 2006; Marry & Defrance, 2013). 
Interviews may be conducted with one individual at a time or with a group of individuals (e.g. 
Davies, et al., 2 ,QWHUYLHZV FDQ DOVR EH FRPELQHG ZLWK µDFRXVWLF GLDULHV¶ WKDW DUH
personal records and notes taken by the participants throughout a given period of time, 
related to the experience of their personal acoustic environment (Foale & Davies, 2012). 
A limitaWLRQ ZLWK GDWD IURP QDUUDWLYH LQWHUYLHZV LV WKDW WKH\ DUH SURQH WR WKH UHVHDUFKHU¶V
individual interpretations, and because they are not experimental or numerical they cannot 
EHXVHGIRUGHGXFWLRQRIFDXVHDQGHIIHFW'HSHQGLQJRQWKHLQWHUYLHZHU¶VVW\OHDnd on how 
detailed the questions are, interview results can be highly individual. For this reason, 
interview data might not be generalised. 
 
3.1.4 Behavioural observations 
One limitation that interviews and semantic scaling have in common is that they require that 
the participant is aware of the acoustic environment or pays attention to it. One may argue 
that this is a rather atypical situation compared to our everyday life. To deal with this 
limitation, the research may use behavioural observations. The advantage of this method is 
that the participant may be unaware of the study and might not be able to influence the 
results. 
Witchel and his colleagues have conducted a number of studies in which an outdoor 
acoustic environment was manipulated through the introduction of music through 
loudspeakers. Visitors in the area were video recorded before and during the intervention. 
The video material was then used for behavioural analyses. The final results are pending 
(Witchel, 2011; Lavia, et al., 2012; Witchel, et al., 2013). 
A limitation with behavioural observation in situ is that it is hard to control the experimental 
conditions, except for one variable at a time, whereas few other variables are under 
experimental control. Consequently, one must be careful to draw far reaching conclusions 
with regards to cause and effect. This makes it difficult to use this method for theory 
development. 
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3.2 Characterising the acoustic environment 
As defined in ISO 12913-1, the acoustic environment consists of all sounds from all sources 
as modified by the environment (International Organization for Standardization, 2014). In 
soundscape research the acoustic environment is commonly characterised through the 
established acoustic metrics, such as the equivalent energy level (e.g., Leq) and the related 
statistical levels (i.e., levels exceeded for a given percentage of time, with respect to the 
acquisition period, Lx), the level variability over time (e.g., Lx±L100-x), and the proportion of 
low-frequency sounds (e.g., LC±LA) (see e.g. Berglund & Nilsson, 2006; Brambilla & Maffei, 
2006). It is also common to characterise the acoustic environment through psychoacoustic 
indicators like Loudness, Sharpness, Roughness, and Fluctuation Strength (e.g. (Genuit, 
2004; Fiebig, Guidati, & Goehrke, 2009; Rychtáriková & Vermeir, 2013; Hall, et al., 2013). 
Nevertheless, there are studies (e.g. Persson Waye & Öhtrsöm, 2002) showing that no 
established psychoacoustic indicator alone, or sound levels may explain the variation in, for 
example, annoyance responses for local situations. This is probably because the established 
psychoacoustic indicators are developed for pure tones or relatively simple signals from 
single sound sources. Consequently, human responses to complex sound signals, including 
spatially distributed sound sources, are difficult to predict (Genuit, 1996). Thus, there is a 
need for new indicators for the purpose of soundscape studies. 
 
3.3 Modelling 
There are chiefly two reasons for modelling the relationship between physical and the 
perceived properties of the acoustic environment. A predictive model may be used to predict 
how people would perceive the acoustic environment, without the laborious task of asking 
people about their perceptions. Secondly, an accurate predictive model reveals the 
underlying causes of the perceived properties, and may consequently be used for design 
purposes. One may say that the model provides us with the recipe for how to achieve a 
desired outcome. For example, Watts and his colleagues have shown that tranquillity of a 
place depends on low sound levels and a high proportion of green features (Watts, Miah, & 
Pheasant, 2013). Thus, if one wants to design a tranquil place, it is necessary to provide for 
lush greenery and to protect the area from loud sounds. This example also puts the finger on 
how central it is to first select the appropriate soundscape descriptor, because the outcome 
depends on it. One may ask whether or not it is desirable to make all places tranquil, or if 
tranquillity is relevant to all places. Probably the answer to this is no, so what other 
soundscape descriptors and predictive models are needed? 
Typically, researchers use multiple linear regression analysis for creating models of the 
relationship between the physical and the perceived properties of acoustic environments 
(e.g. Watts, Miah, & Pheasant, 2013). This means that the data must be numerical, which in 
turn means that the only available form of soundscape data that is useful for this purpose is 
obtained by semantic scales. The soundscape descriptors reviewed in this paper provide 
support to this conclusion. Thus, it is desirable to focus future research efforts in this field to 
the development of further semantic scales, or to further develop the semantic scales 
available and to standardise them. For the development of soundscape research in general, 
it is also important to reach a broad international consensus on which soundscape 
descriptors to use. 
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4. Principles for selecting soundscape descriptors 
Soundscape concerns how people perceive, experience or understand the acoustic 
environment (International Organization for Standardization, 2014). Consequently, a 
soundscape descriptor must provide a measure of at least one of these aspects. For the 
purpose of modelling, as outlined in this paper, this measure must be numerical. 
A soundscape descriptor may either refer to a singular underlying dimension of soundscape 
HJ3OHDVDQWQHVVRUWRVRXQGVFDSHKROLVWLFDOO\HJµVRXQGVFDSHTXDOLW\¶)RUWKHSXUSRVH
of urban planning and design the former seems more useful than the latter, because holistic 
soundscape descriptors depend on context. What is good or appropriate in one context is 
bad or inappropriate in another (Axelsson, 2015). As previously illustrated with the case of 
tranquillity, a soundscape descriptor related to a singular dimension can be useful, provided 
that the dimension selected is relevant. Thus, in order to select an appropriate soundscape 
descriptor, one must know for what purpose it will be used. Is the purpose to change the 
existing soundscape, or is it to characterise the current situation? Which soundscape 
descriptor is then the most relevant? 
Based on the literature review, at present there are eight sorts of potential soundscape 
descriptors to choose from: 
 
1) Noise annoyance 
2) Pleasantness 
3) Quietness or tranquillity 
4) Music-likeness 
5) Perceived affective quality 
6) Restorativeness 
7) Soundscape quality  
8) Appropriateness 
 
The purpose of the majority of these descriptors seems to be to achieve less annoying, more 
pleasant, quieter, more tranquil, more restorative, or more music-like soundscapes. 
Alternatively, to achieve soundscapes of higher perceived quality, or soundscapes that are 
more appropriate to the place where they are heard. In all of these cases, it seems that the 
researchers have had a preconceived idea of what aspect of soundscape that is relevant to 
deal with. On the other hand, in developing models of perceived affective quality, it seem 
that the researchers rather have investigated what aspects of soundscape there are, at all, 
and what aspects of soundscape are relevant to people. The latter is an important criterion 
for selecting a soundscape descriptor. These models have discovered one aspect of 
soundscape, not included in previous models, that is, eventfulness or vibrancy. 
As is clear from the model of perceived affective quality that Axelsson and colleagues have 
proposed (Axelsson, Nilsson, & Berglund, 2010), all the first five sorts of soundscape 
descriptors, in the list above, relate to perceived affective quality, chiefly to Pleasantness, or 
alternatively to Calmness. This reduces the number of categories to four: (1) perceived 
affective quality, (2) restorativeness, (3) overall perceived quality, and (4) appropriateness. 
According to Axelsson (Axelsson, 2015), a two-dimensional model of perceived affective 
quality (Pleasantness-Eventfulness) provides for the most comprehensive information of 
soundscape. This means that at least two orthogonal descriptors are needed (e.g. 
Pleasantness and Eventfulness) for a complete understanding of soundscape. 
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Overall soundscape quality has been found to be highly correlated with perceived affective 
quality (e.g. Axelsson, 2015). This means that measures of perceived affective quality 
provides the same information as a measure of overall soundscape quality. This ought to be 
true also for restorativeness. In theory, it should have a high correlation with calmness or 
tranquillity (a combination of low pleasantness and low eventfulness), although this has not 
yet been investigated. Thus, the majority of the soundscape descriptors identified so far 
seem to converge towards a two-dimensional soundscape model of perceived affective 
quality, and represent different aspects of the two underlying dimensions. Though, Axelsson 
(2015) found that appropriateness is independent of perceived affective quality, and provides 
complementary information. This means that appropriateness is a potential third dimension 
for characterising soundscape. 
 
5. Concluding remarks  
Before it is possible to establish predictive models of soundscape, it is necessary to identify 
the dependent variables, or what in this paper is called the soundscape descriptors. 
Thereafter the hunt for predictors, or soundscape indicators, can begin. Finally, the 
relationship between the soundscape descriptors and soundscape indicators may be 
established, creating predictive models. Such models are necessary for implementing the 
soundscape approach in urban planning and design, with the objective to create (urban) 
environments of high acoustic quality. Environments that promote, not merely permit, health, 
well-being and quality of life. The soundscape approach is creative and moves beyond 
current noise control engineering, and retrofitting of the acoustic environment. In the 
soundscape approach, soundscape is planned and designed. 
The potential soundscape descriptors identified so far seem to converge towards two-
dimensional soundscape model of perceived affective quality. Tough, the appropriateness of 
a soundscape to a place is a potential third dimension. As soundscape indicators, perceived 
properties, like perceived sound sources, seem to win over established acoustic and 
psychoacoustic metrics. More research is needed in this area. 
It is necessary that the international community of soundscape researchers, including 
architects, urban planners, acousticians and psychologists, collaborate to identify and to 
agree on relevant soundscape descriptors, in order to move this area of research forward. 
This work must include to agree on numerical scales and assessment procedures, as well as 
to standardise these. 
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